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(54) ENZYME ELECTRODE 

(57)Abstract: 

PURPOSE: To provide a disposable enzyme electrode excellent 
in responsiveness and stability by providing a counter electrode 
by application of a layer composed chiefly of silver chloride on 
a layer composed chiefly of silver. 
CONSTITUTION: A silver-evaporated film 2 which is 
SOOOangst; thick is vacuum deposited on a polyethylene 
terephtalate film 1 which is about ISO^m thick, so as to serve 
as a bed layer for a lead portion and for a counter electrode. 20 
parts by weight of carbon black, 20 parts by weight of silver 
chloride powders, 50 parts by weight of 25%-polyester-resin 
acetone soiution are kneaded in a mortar, and a silver chloride 
layer 3 is provided on the counter electrode portion of the 
evaporated film 2 by casting method to form the counter 
electrode. An enzyme-containing conducting ink layer 4 is provided in a position opposite to the 
counter electrode, and an insulating polymer layer 5 is provided, with an electrode portion left 
behind. In this structure, the silver chloride thinly covers the surface of Hie silver, establishing 
contact between the silver and the silver chloride so that the transfer of electrons is made easier, 
which is close to an ideal state. Therefore, higji potential stability can be achieved. 
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[Claim 1] An enzyme electrode, comprising an electrode system having at least a working 
electrode and a counter electrode which are provided on an insulating substrate, wherein the counter 
electrode comprises a layer that is composed mainly of silver chloride and formed by coating on a 
layer composed mainly of silver, 

[Claim2] The enzyme electrode of Claim 1, wherein the layer composed mainly of silver 
chloride comprises an ink composition including at least carbon black, a silver chloride powder and 

a binder. 

[Claim 3] The enzyme electrode of Claim 1, wherein the working electrode comprises an 
electrically-conductive ink composition including at least an electrically-conductive powder, an 
enzyme, an electron-transfer substance, and a binder and is formed by a printing method. 

Detailed Descriptions of the Invention: 



[0013] The working electrode is formed using an electrically-conductive ink composition including 
at least an electrically-conductive substance, an enzyme, an electron-transfer substance, and a 
binder. The electrically-conductive powder to serve as an electrode may include a metal, an oxide 
thereof, or a pigment such as carbon or graphite. In view of cost, surface hydrophilicity, suitability 
for the ink con:q)osition and so on, the electrically-conductive powder is preferably carbon black. 
[0014] The enzyme to be contained in the ink conq)osition may be any oxidoreductase, and, for 
example, glucose oxidase, cholesterol oxidase, lactate oxidase, alcohol oxidase, xanthine oxidase, 
pyruvate oxidase, aldehyde oxidase, or the like may be used. The amount of the addition of the 
enzyme may be changed depending on the activity of each enzyme. Since the enzyme is expensive, 
the content of the enzyme is preferably as low as possible in the range where the performance is 
offered, 

[0015] The electron-transfer substance may be any redox compound capable of functioning as an 
electron carrier for the oxidoreductase. Examples of the electron-transfer substance include 
ferrocene and derivatives thereof, benzoquinone, methylene blue, 2,6-dichloroindophenol, and 
metallocyanide complexes. Any of these substances may be dispersed into a general-purpose 
binder, and the resulting enzyme-containing electrically-conductive ink composition may be applied 
by a printing method so as to oppose to the counter electrode on the insulating substrate provided 
with leads. 



[0017] <Example 1> An exen^lary enzyme electrode for use in measurement of glucose in blood is 
shown below. A vapor-deposited silver film 2 with a thickness of 5,000 A for serving as both a 
lead portion and an underlymg silver layer for a counter electrode was formed on a 180 fxm thick 
polyethylene terephthalate film 1 by a conventional vacuum deposition method. A silver chloride 
ink composition was prepared by thoroughly kneading and dispersing, in a mortar, 20 parts by 
weight of carbon black, 20 parts by weight of a silver chloride powder, and 50 parts by weight of an 
acetone solution of 25% of a polyester resin (VYLON 200 manufactured by TOYOBO CO., LTD,) 
as a binder polymer. The silver chloride ink composition was deposited on the counter electrode 
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portion of the previously-formed, vapor-deposited silver layer 2 by a casting method to form a 
silver chloride layer 3, so that a silver/silver chloride counter electrode was formed. 
[0018] 10 g of acetylene black (manufactured by ADEKA CORPORATION), 1 g of potassium 
ferricyanide, 20 g of a 10% carboxymethylcellulose solution, 40 g of a solution of 10% of a 
polyester resin Elitel UE-3200 (manufactured by UNITIKA. LTD.), and 100 g of cellosolve acetate 
were mixed and dispersed in a triple roll mill. A solution of 0.5 g of glucose oxidase (manufactured 
by KANTO CHEMICAL CO,, INC.) in a 0,1 M phosphate buffer was added to the mixture and 
mixed to form a uniform mixture. The resulting, enzyme-containing, electrically-conductive ink 
composition was applied by screen printing to a position opposed to the counter electrode, so that 
an enzyme-containing, electrically-conductive ink layer 4 was formed 

[0019] An insulating polymer layer 5 was formed thereon, while the electrodes were partially left 
uncovered (Fig, 1), 
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